The fully-burdened cost of quality management programs must be viewed from a systems perspective with respect to the value impacted on the organisation. What appears to be cost-effective or cheap in the present scenario may proof to be costly (or even disastrous) in the long run of market share with respect to customer perception. This paper presents an application of the equity breakeven point technique for graphical analysis of quality investments. The mathematical derivation of the equity breakeven point indicates the time when the unpaid balance on a capital investment is equal to the cumulative equity in the investment, thereby providing an a-priori insight into how long it might take to retire an investment loan on the strength of the accrued equity. This type of knowledge is useful for negotiating the terms of acquiring and/or managing large quality-oriented projects, with expected long-term impacts.
Introduction
The management of quality engineering projects, ultimately, requires the management of capital investments. For the purpose of this paper, a quality engineering project is defined as any engineering management capital investment scenario requiring an analysis of cash flows. Such projects are typically financed with external funds that are repaid according to an amortisation schedule. Morse and Babcock (2007) discuss financial management of engineering projects as a key function of engineering managers. A rigorous analysis must be conducted to ensure that the organisation involved in an engineering project can financially handle the amortisation schedule, with an understanding of the profile of the equity that accrues over time toward retiring a capital investment loan. Badiru (1986 Badiru ( , 1998 presents the technique of graphical evaluation of amortisation payments (GAMPS), which was extended to a general computation of the equity breakeven point (EBP) technique (Badiru, 1998) . The technique is useful for a visual assessment of investment scenarios. The technique analyses instalment payments, the unpaid balance, principal amount paid per period, total instalment payment, and current cumulative equity. EBP indicates the time when the unpaid balance on an investment loan is equal to the cumulative equity on the loan.
Computational economic analysis of quality engineering projects
Economic analysis has an important implication for managers who are tasked with planning, scheduling, and control of engineering projects financed as capital investments of an organisation (Di Gregorio and Soares, 2013; Donkor, 2014) . The premise of this paper is supported by the work on Magni (2014) , who presents a generalised computational model for rate-of-return analysis to examine economic profitability for investment decision-making. Magni's approach expresses a project's overall economic profitability in direct relations among investment rates, costs of capital, and net present value. A rigorous analysis of quality projects is required particularly for cases of industrial technology asset replacement in the pursuit of quality programs. Often, quality technology is considered for replacement for the following reasons:
• replacement due to quality inadequacy
• replacement due to deterioration of production capacity
• replacement due to technology obsolescence
• replacement due to decline in market value due to external quality perception
• replacement due to reduction in desirability of the technology (e.g., for environmental reasons)
• replacement due to a need for an enhancement or expansion of production
• replacement due to a need to lower the cost of production.
In each case, the organisation must use rigorous analytic techniques for making a decision on the basis of cost and the expected outcome rather than seat-of-the-pant sentimental reaction. Some of the common techniques for economic analysis of investment cash flows are presented below (Newman et al., 2011; Morse and Babcock, 2007) :
1 net present value 2 internal rate of return 3 external rate of return 4 payback period 5 benefit-cost ratio 6 capitalised cost 7 breakeven analysis.
In some unique cases, the standard technique must be modified or expanded to fit the needs of the current scenario. That is the case in the computation of discounted payback period. The term 'payback period' refers to the length of time it will take to recover an initial investment. The approach does not consider the impact of the time value of money. Consequently, it is not an accurate method of evaluating the worth of an investment. However, it is a simple technique that is used widely to perform a 'quick-and-dirty' or superficial assessment of investment performance. The technique considers only the initial cost. Other costs that may occur after time zero are not included in the calculation. The payback period is defined as the smallest value of n (min) that satisfies the following expression:
where R t is the revenue at time t and C 0 is the initial investment. The procedure calls for a simple addition of the revenues period by period until enough total has been accumulated to offset the initial investment. An expansion of this simple technique is the discounted payback period, in which revenues are re-invested at a certain interest rate. The payback period is determined when enough revenue has been accumulated at the given interest rate to offset the initial cost as well as other intermediate costs. In this case, the calculation is done with the aid of the following expression:
The EBP technique presented here is an expansion of the breakeven analysis.
Computational background for EBP
Breakeven analysis is a common technique for assessing the performance of investments. Nicholls et al. (2014) demonstrate computational techniques for breakeven volatility for real option valuation. Archer and Ghasemzadeh (1999) illustrate the importance of using integrated approaches, including breakeven analysis, for project portfolio selection. Wentworth and Cafferky (2010) present economic analysis computational tools that capitalise on the efficacy of breakeven analyses. Newnan et al. (2011) provide fundamental principles and techniques of using breakeven analysis for assessing investments. Thamhain (2014) presents complementary quantitative techniques relevant for performing a breakeven analysis. The computational methodology presented in this paper follows the steps below:
1 Given a principal amount, P, a periodic interest rate, i (in decimals), and a discrete time span of n periods, the uniform series of equal end-of-period payments needed to amortise P is computed as
It is assumed that the loan is to be repaid in equal monthly payments. Thus, A(t) = A, for each period t throughout the life of the loan.
2 The unpaid balance after making t instalment payments is given by 
where A = E(t) + I(t).
5 The cumulative total payment made after t periods is denoted by
The cumulative interest payment after t periods is given by
The cumulative principal payment after t periods is computed as
The percentage of cumulative interest charge contained in the cumulative total payment up to and including payment number t is
The percentage of cumulative principal payment contained in the cumulative total payment up to and including payment number t is et al. (2011) illustrate the sensitivity of project economic decisions to changes in breakeven points and financial ratios. An engineering manager must understand how changes in the financial profile of a project can affect the overall viability of the project. Suppose an engineering project is to be financed by borrowing $500,000 from an industrial development bank. The annual nominal interest rate for the loan is 10%. The loan is to be repaid in equal monthly instalments over a period of 15 years. The first payment on the loan is to be made exactly one month after financing is approved. . Thus, over 76% of the sum of the first ten instalment payments goes into interest charges. The analysis shows that by time t = 180, the unpaid balance has been reduced to zero. That is, U(180) = 0.0. The total payment made on the loan is $967,144.61 and the total interest charge is $967,144.61 -$500,000 = $467,144.61. So, 48.30% of the total payment goes into interest charges. The information about interest charges might be very useful for tax purposes. The tabulated output shows that equity builds up slowly while unpaid balance decreases slowly. It is noted that very little equity is accumulated during the first three years of the loan schedule. This is shown graphically in Figure 1 . The effects of inflation, depreciation, property appreciation, and other economic factors are not included in the analysis presented above, but a project analysis should include such factors whenever they are relevant to the loan situation. 
Mathematical derivation of EBP
EBP is the intersection point of the equity buildup curve and the unpaid balance decline curve. The point indicates when the unpaid balance is exactly equal to the accumulated equity or the cumulative principal payment. For the preceding example, the EBP is approximately 120 months (ten years). The importance of the EBP is that any equity accumulated after that point represents the amount of ownership or equity that the debtor is entitled to after the unpaid balance on the loan is settled with project collateral. The implication of this is very important, particularly in the case of capital investments targeted for quality engineering projects. The EBP can be calculated directly from the formula derived by Badiru (1986 Badiru ( , 1998 . Let the EBP, x, be defined as the point where
Multiplying both the numerator and denominator of the left-hand side of the above expression by (1 + i) n and then simplifying yields (1 ) (1 ) That is, 206.58 months = 17.215 years, which represents that point in time when the cumulative equity equals the unpaid balance.
Quality financing example
The basic amortisation schedule for a corporate investment is akin to the amortisation schedule for a consumer investment. Suppose a 30-year capital investment of $320,000 is financed at an annual interest rate of 3.45%. What is the EBP for this transaction? From the data given, n = 12(30) = 360 months, P = 320,000, i = 3.45% per year compounded per year compounded per month. Thus, the interest rate per month is 3.45%/12 = 0.2875% per month = 0.002875. Using the EBP formula derived above, we have the following result. In another case example (computations not shown here), the EBP for a 30-year loan is calculated to 28.95 years. This is quite revealing (and may be depressing) to know. The higher the interest rate and the longer the life of the loan, the farther away is the EBP. Knowing these numbers in advance may prompt the engineering manager to negotiate or shop around for better investment loan rates and terms. In fact, experimenting with different scenario computations to perform a sensitivity analysis in advance may guide the manager before actually approaching and discussing with prospective financing sources.
Illustrative plots of EBP
The plots in Figures 2 to 10 show the general profiles of EBP and the related economic parameters. Notice the linear trajectory of the cumulative total payment in Figure 2 . In Figure 3 , the profile shows that the interest amount starts at a high level and gradually declines in the subsequent periodic payments. This profile is mimicked in Figure 4 showing the plot of percentage of cumulative interest charge contained in the cumulative total payment. A similar profile is observed in Figure 5 , showing a plot of percentage of interest charge contained in instalment payment number t. In Figure 6 , a converse profile is seen in the plot of percentage of cumulative principal payment contained in the cumulative total payment. This is because of the fact that as interest amounts decrease, the equity increases, implying a rise up in the profile of principal payments. Figure 7 presents a generic profile of the intersection of unpaid balance and cumulative equity to yield the point for EBP. Figure 8 shows a relative profile of comparing C(t) to S(t) while Figure 9 shows a relative profile of comparing F(t) to f(t). Figure 10 represents a generic plot of the response surface of EBP as a function of time and interest rate. The response surface will have the same general landscape for any EBP analysis. The differences will be in the specific location of the EBP value for each investment scenario. 7 Learning curve effect in unpaid balance decline state space
The whole point of doing an EBP assessment is to view the impact of investment cost in relation to equity benefits over time. The reality of any production environment is that learning occurs over time. Thus, learning curve analysis is a logical extension to the computational technique of EBP. Learning curve analysis offers a viable approach for evaluating quality management projects, where human learning and forgetting are involved. With an effective learning curve evaluation, an assessment can be made of how a quality engineering project meets organisational objectives and maximises its benefits to the organisation. When capital investment is used to advance a quality program, the positive impacts of learning can mitigate the adverse impacts of interest rate to the extent that a capital loan could be retired earlier than initially planned. Badiru (2015) presents applications of learning and forgetting curves to quality, productivity, and performance analysis. The example presented used production data to develop a predictive model of production throughput based on two selected factors. A general form of a two-factor learning curve model is: 
Further research
The advantage of production cost reduction due to the impact of learning is that retained revenues could be more strategically used to offset the pending unpaid balance on capital investments. Learning refers to the improved operational efficiency and cost reduction obtained from repetition of a task. Learning curves have been used for decades to assess improvement achieved over time due the positive impacts of learning. Early analytical modelling of learning curves focused on reduction in cumulative average cost per unit as production level doubles. Several models and variations of learning curves are used in practice. Models are developed through one of the following approaches:
1 conceptual models 2 theoretical models 4 experimental models 5 empirical models.
For the purpose of the application of EBP in this paper, further research is recommended on how the impact of learning can be incorporated into the methodology using any of the modelling approaches outlined above.
Conclusions
Breakeven analysis is a common technique for performing economic analysis. It has been used extensively in capital investments and engineering projects. The conventional breakeven point is the point at which cost or expenses and revenue are equal, such that there is no net loss or gain. In this paper, the technique is extended to the computation of the EBP, specifically for capital investment in quality engineering projects. The computational and graphical visualisation aspects of the EBP methodology can lead to new research studies on the utility, efficacy, and extensions of the technique of breakeven analysis.
